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Abstract
Electrochemical discharge machining is a versatile machining process for microdrilling, microtexturing, and 
microgrooving of variety of glasses, ceramics and composites. Stationery, rotary or vibrating or combination of tool 
movement is possible for machining. This paper presents a brief overview of tool mechanisms used and machining of 
ceramics using stagnant and electrolyte flow method using copper and stainless steel tool by varying the voltage, 
electrolyte concentration, duty factor and pulse on time. It is observed that electrolyte flow method has a high material 
removal rate of 0.72 mg/min but a high diametric overcut of 0.860 mm for that combination of process parameters.
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1. Introduction
With the advent of newer materials, there has been a tremendous challenge to develop new 
machines and technologies to machine them. Such materials are brittle, hard to machine and delicate to hold 
on the machine table and sometimes non- conducting. Micromachining is a process to produce miniature 
holes, slots, grooves and channels in such materials. Ceramics such as aluminum oxide, zirconium oxides and 
silicon nitrides are widely used in bearings, computer parts, artificial joints, cutting tools, electrical 
components, and much more.1
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Nomenclature
MRR Material Removal Rate (mg/min)
DOC Diametric Over Cut (mm)
V Voltage (volts)
DF Duty Factor (%)
C Concentration (weight)
PT Pulse onTime (μ sec)
SS Stainless Steel
1.1 Electrochemical Discharge Machining
Electrochemical Discharge Machining (ECDM) is an emerging non traditional machining technique 
that involves high temperature melting and accelerated chemical etching under high electrical energy 
discharges on the electrode tip during electrolysis [1]. It is a combination of Electro Chemical Machining
(ECM) Electro Discharge Machining (EDM), combining the advantages of the two processes [2]. Kurafaji 
and Suda had first used the principle of ECDM to make micro holes in glass material. Since then a lot of 
developments are undergoing in ECDM process for enhanced efficiency and accuracy [1] and its use for 
mass production. Wuthrich et. al. prefer to call this process as Spark Assisted Chemical Engraving (SACE).
An overview of the SACE process, its phenomenology and types for micro drilling and 3D micro structuring
on glass and other non conducting materials finds mention in their work [3]. Very recently, ECDM 
phenomena have been used for micromachining of metal bond grinding tools. Such a process is called 
Electrochemical Discharge Dressing (ECDD) where ECDM is intentionally used to remove the unwanted 
metallic materials on micro-grinding tools by making them tool electrode [8].
Most of the experimental setups have the same components like tool electrode (cathode), auxiliary 
electrode (anode), electrolyte and its supply unit, work piece feeding arrangement (gravity control or some 
other control), power supply. Some variations in the setup in terms of tool or job rotation, flow of electrolyte 
etc can be made to carry further research studies. Both the tool electrode and the auxiliary electrode are 
submerged in the electrolyte which may be NaOH, KOH etc. Also the electrolyte level is kept approximately 
3mm above the workpiece surface with the tool tip pressed on the workpiece at all times during machining.
1.2 Mechanisms of tool movement
The basic ECDM process involves the tool electrode to be kept stationary and very near to the spark 
discharges. But in some mechanisms the electrolyte is unable to reach the machining zone and hence the need 
to provide various motions to the tool or the work piece. Experiments considering tool rotation of 500 rpm 
for micro-drilling operation using three different tool electrode materials were done by Yang et. al [1].
Furutani and Maeda have carried experiments on lathe type of ECDM machine whereby the work piece 
was rotated to provide fresh working fluid (electrolyte) at the machining points. Work piece was rotated at 
four different speeds of 0, 0.3, 3 and 30 rpm to make grooves. They conclude that work piece rotation helps 
in lowering the applied voltage and decrease in cracks and surface roughness. Also with the increase in 
rotation speed, the groove depth increases at a higher applied voltage [4]. Zheng et. al. have experimented 
with tool rotational rates of 200, 500, 1000, 1500, and 2000 rpm for groove machining operation.  In ECDM 
drilling process the rotation of the tool is also one of the important factors that influence the machining 
quality. Groove width decreases and machining depth increases with an increase in tool rotational rate. The 
possible reason is that the gas film becomes thinner and more homogenous with increasing tool rotation [5].
Extensive work has been carried out by Doloi et. al. on ceramics but they have not considered tool rotation or 
vibration for ECDM machining. Their main machining parameters were applied voltage, electrolyte 
concentration and inter electrode gap [6]. Wei et. al. have done comparisons of ECDM machining 
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considering stationery and tool rotations. Tool rotations of 150 rpm with cylindrical and micro-drilling tools 
are adopted for experimentation. It is observed that machining depth is affected by tool rotation direction. For 
ERWK IRUZDUG DQG UHYHUVH GLUHFWLRQ URWDWLRQVPDFKLQLQJ GHSWKZDV ȝP after 60s . With increasing tool 
rotation after 60s there was a marginal reduction in machining depth [7].
Wuthrich et. al. studied the effect of  adding tool vibrations to gravity feed SACE. Amplitude and 
frequency from 0-30 ȝPDQG-30Hz respectively were used to drill 15 micro holes at 33V in glass. For 10
ȝPDPSlitude and very low frequency the machining time was reduced to half [8]. Assistance of magnetic 
field is also considered in ECDM machining. Cheng et. al. have studied the effect of magnetic field on 
electrolyte circulation, gas film quality, machining efficiency and accuracy. Clockwise tool rotation of 500 
rpm and 38V was sufficient for stable discharge performance. Magneto hydrodynamic convection proved to 
be very effective in electrolyte circulation between the tool and work piece during drilling operation. For 
both upward and downward magnetic field it was observed that the machining time was 15s as compared to 
the case when no magnetic field was applied the time taken was 40s. In the three cases that they considered 
the machining depth was 400 ȝP [9].
2. ECDM of ceramics
A model of the experimental setup for machining of ceramics is shown in Figure 1. The machining 
chamber is made of acrylic and has 130 mm x 130 mm x 45 mm (L x W x H) dimensions. It shows the two 
peristaltic pumps and the machining chamber used for carrying experimentation on Alumina ceramics using 
NaOH electrolyte.
Fig. 1 Experimental setup
2.1 Input Process Parameters
The following process parameters were varied in the experimentation.
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2) Duty factor (%): The ratio of the pulse on time to the total pulse time is called as duty factor as is shown in 
Figure 2.           
Fig. 2 Voltage  Pulse
3) Concentration of Electrolyte by weight (%): It was expressed in % by weight, which indicates the weight 
of the regent dissolved per 100ml water to prepare the aqueous electrolyte.
4) Pulse on time( micro-sec): It is time for which spark is generated. It is in microseconds.
2.2 Output Process Parameters
1) Material Removal Rate (mg/min): It is calculated by taking weight before and after  the machining and 
dividing by machining  time.
2) Diametric over cut (mm): It is the difference between machined hole diameter and tool diameter. It is 
measured on profile pojector.
3. Selection of process factors and level selection
Total degrees of freedom are calculated as =1+ 4 ( 3-1)= 9. Hence minimum nine experiments are to 
be conducted to study the effect of process parameters. The standard orthogonal array which has atleast three 
no of columns at three levels is selected and shown in Table 1. Hence selected standard orthogonal array is 
L9, which has four three levels columns and nine rows.
  Table 1 Process factors and their levels
Variable levels Voltage
[Volts]
Duty Factor [%] Concentration
By weight [%]
Pulse time [micro-sec] Coding
High 65 0.80 50 1500 +1
Medium 60 0.72 40 1000 0
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4. RESULTS AND DISCUSSION
After performing 9 different exeperiments each on stagnant and electrolyte flow method the 
combination having the highest MRR and lowest DOC is shown in Tables 2 to Table 5.
   
Table 2 MRR and DOC for copper tool (Electrolyte flow method)
     Table 3 MRR and DOC for copper tool using stagnant electrolyte
     Table 4 MRR and DOC for SS tool (Electrolyte flow method)
    
Table 5 MRR and DOC for SS tool using stagnant electrolyte
Measured Measured
Run V DF C PT MRR DOC
(v) (%) (%) (μ sec) (mg/min) (mm)
1 -1 -1 -1 -1 0.27 0.414
7 +1 -1 +1 0 0.68 0.985
Measured Measured
Run V DF C PT MRR DOC
(v) (%) (%) (μ sec) (mg/min) (mm)
1 -1 -1 -1 -1 0.22 0.546
7 +1 -1 +1 0 0.52 0.728
Measured Measured
Run V DF C PT MRR DOC
(v) (%) (%) (μ sec) (mg/min) (mm)
1 -1 -1 -1 -1 0.28 0.368
7 +1 -1 +1 0 0.72 0.860
Measured Measured
Run V DF C PT MRR DOC
(v) (%) (%) (μ sec) (mg/min) (mm)
1 -1 -1 -1 -1 0.20 0.713
7 +1 -1 +1 0 0.65 1.172
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It is observed from Table 4 that electrolyte flow method has the highest MRR (0.72mg/min) using stainless 
steel tool. Micrographs for stainless steel tool with continuous flow of electrolyte are shown in Figure 3.
Fig. 3 Micrographs of  micromachined hole
The micrographs as shown in Figure 3 are taken at 100X magnification. It is observed from 
micrographs that there is no presence of micro-cracks. At around 60 V, black colored spots are observed due 
to deposition of carbon from tool material into the hole cavity.
         
Fig. 4 Comparison of the two modes for MRR and DOC with copper tool
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As shown in Figure 4 the DOC is initially higher for stagnant electrolyte method as compared to flow method. 
Such a DOC characteristic remains same even for stainless steel tool as seen in Figure 5. 
                     
         
Fig. 5 Comparison of the two modes for MRR and DOC with SS tool
For steady electrolyte condition with copper tool, material removal rate is lower as compared to 
stagnant electrolyte method (Figure 4). A similar observation results for SS tool. Diametric overcut initially 
increases but is constant from 60 V onwards for copper tool but a reverse effect is seen for SS tool (Figure 5).
5. Conclusions
Experiments using stainless steel and copper tool with stagnant and electrolyte flow method were 
carried out using ECDM setup. Investigations reveal that continuous flow of electrolyte with stainless steel 
tool gives the highest MRR but at the same time a high diametric overcut which has to be minimized. In one 
combination diametric overcut increased initially but remained constant in the range of 60V to 65V with the 
electrolyte being stagnant for copper tool and a reverse effect was observed for stainless steel tool.
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